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Abstract 
The estimation of rainfall intensity for a particular frequency is 
normally required for design of hydraulic and water resources engineering 
control structures. The main objective of this paper was to develop IDF curves 
for Koforidua based on recent rainfall information. Annual Maximum Rainfall 
depths of various durations over twenty-nine years for Koforidua were obtained 
from the Ghana Meteorological Services in Accra. Linear regression analysis 
was used to make the data consistent which allowed for filling in the gaps where 
data were missing. The data set obtained was then subjected to frequency 
analysis to determine the distribution which best characterize the data set. The 
annual maximum series were found to be drawn from the Gumbel distribution 
whose parameters were computed by fitting the statistics to the data. The 
Kolmogorov-Smirnov test proves the appropriateness of the fitting. The trend 
followed the normal Rainfall Intensity-Duration-Frequency-curves. By using 
easy fit software, Gumbel Extreme type one was found to be the best 
distribution for the analysis. The results shown that for shorter durations (12 
min and 24 min), the IDF Curves gave higher intensities for the same return 
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period whiles for longer durations (42min, 1 hr, 2hr, 3hr, 6hr, 12hr and 24 
hr), the IDF Curves gave low intensities for the same return period.The 
Intensity- Duration-Frequency-Curves obtained for the study area has a 
general characteristic form of Intensity-Duration-Frequency-Curves. This 
study could be of significance academic value and useful to improve the 
hydraulic and water resources engineering.  
Keywords: IDF curves, frequency analysis, intensity, Kolmogorov-Smirnov 
 
Introduction 
The most common tool used for planning, designing and operating 
water resource projects against flood in water resource engineering is the 
rainfall Intensity-Duration-Frequency relationship curve (Bernard, 1932). 
Rainfall intensity is expressed as the rate of rainfall in millimeters per hour 
(Okonkwo and Mbajiorgu, 2010). (Dupont et al., 2000) also defined Rainfall 
Intensity-Duration-Frequency (IDF) relationships as graphical 
representations of the amount of water that falls within a given period of time. 
This relationship is determined through statistical analysis of data from 
meteorological stations. The IDF presents excellent characteristic to make 
water resource project design effective. As a result, the IDF technique has 
been used in many places. For instance, the eastern and northwest part of 
China have seen many research being carried out to evaluate trends in extreme 
rainfall at different time scales over the past decade (Wang and Zhou, 2005; 
Zhu et al.,2018; Zhai et al., 2005) the Korean peninsula, (Baek et al., 2016; 
Lee et al., 2012; Hua et al., 2018; Seo et al., 2012) Japan, (Kamiguchi et al., 
2010), India (Krishnamurthy et al., 2010); the United States (Karl and Knight, 
1998; Kunkel et al., 2013b; Melillo et al., 2014) and many parts of the world 
(Alexander et al., 2006; Frich et al., 2002; Westra et al., 2013a). 
Rainfall quantification is generally done using isopluvial maps and 
Intensity- Duration-Frequency (IDF) curves. The intensity duration frequency 
formulae are the experimental equations which can be expressed as dependent 
variable, representing relationship among maximum rainfall intensity as 
independent variables (Tang et al., 2018; Chow et al.,1988). To demonstrate 
this, Bell (1969) and Chen (1983) derived the IDF formulae for the United 
States based on statistical analysis of data. Furthermore, recent progress has 
been made towards understanding and modelling hourly rainfall intensities 
internationally, (notably Lenderink and van Meijgaard (2008; Hershfield et 
al., 1996) for the Netherlands, Kendon et al. (2012) and Chan et al. (2014a, 
b; 2016)22-24 for the UK, and Sunyer et al. (2017) for Denmark. 
Change in climate due to industrialization has been identified as the 
major cause of global warming. The hydrological cycle has been changed due 
to the changes in the temperature and precipitation patterns. Projections from 
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climate models suggest that the probability of occurrence of intense rainfall 
in future will increase due to the increase in greenhouse gas emission 
(Mailhot and Duchesne, 2010; Xu et al., 2018,). Such changes in extreme 
events have enormous ecological, societal and economic impacts in the 
form of floods, droughts, heat waves, summer and ice storms and have 
great implications for municipalities. Design standards at present are based 
on the historic climate information in the form of IDF curves required level 
of protection from natural phenomena (Koutsoyiannis et al., 1994; 
Koutsoyiannis, et al., 1998). However, available information show the city 
of Koforidua does not have IDF curves, but rely on the IDF curves from Accra 
for its design. Possible changes may demand new regulations, guidelines for 
storm water management studies. Revision and update of design practices or 
retrofitting of existing infrastructure are needed (Prodanovic and Simonovic, 
2007; Lu et al., 2018). Therefore, it has become a priority for the city of 
Koforidua to have a Rainfall IDF curves for effective planning and design of 
water projects.  Hence, the objectives of this paper were: (1) analyze rainfall 
data to obtain maximum rainfall values of different durations. (2) determine  
the best probability distribution for the development of IDF curves for 
Koforidua. (3) develop IDF curves for Koforidua. 
 
Materials and Methods 
Study Area and Sampling Locations 
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The New Juaben Municipality is one of the Municipalities in the 
Eastern Region and was established in1988 by the Legislative Instrument (LI) 
1426. The Municipality lies between longitudes 10*30’West and 0030 East 
and latitudes 60 and 70 North. The Municipality shares common boundaries 
with East-Akim Municipal to the North-East, Akwapim North District to the 
East and South and Suhum-Kraboa-Coaltar District to the East. It covers a 
land area of 159 square kilometers representing approximately 0.6 percent of 
the total surface area of the Eastern Region. It has 52 major communities with 
Koforidua as its capital. The Municipality is well served with road networks. 
The Municipality has a road network totaling 72km and road density of 0.6. 
 
Analysis of Rainfall Data 
The data used for this analysis was provided by the Ghana 
Meteorological Services Department which has the responsibility of 
measuring, analyzing and storing meteorological data and forecasting the 
weather in Ghana. The data consists of annual maximum series (AMS) of 
rainfall depth over a period of twenty-nine years from 1982 to 2011 for nine 
(9) laps of time: 12min, 24min, 42min, 1hour, 2hours, 3hours, 6hours, 
12hours, and 24hours.There were missing data in the data provided by Ghana 
meteorological Services Department, which had to be filled. Also observing 
the data, it was seen that the 24min AMS contained less number of missing 
data and therefore an attempt was made to find the correlation between the 12 
min AMS and the rest of the data. When the correlation analysis was 
performed, it was established that there was a strong correlation between the 
42min, 1hr, and 2hrs, 3hrs, 6hrs, 12hrs and 24hrs AMS. 
 
Procedure for selecting the appropriate Probability distribution 
Literature review show that, Log Pearson Type III and The Extreme 
Value type I were the two most appropriate Probability distribution used for 
IDF curves construction. In order to choose between the two distributions; the 
following steps were carried out: 
 For each duration, the Gumbel and Log Pearson Type III distributions 
were fitted to the Annual Maximum Series using the Easy Fit software. 
Best of fit for each distribution was determined using Anderson 
Dar ling,  Chi-square and Kolmogorov- Smirnov test-of-goodness-of-fits at 
5% significance level for each duration. 
 After the fitting, both distributions were ranked to determine the 
appropriateness of the fitting. 
 After the analysis, a rank of 1 and 2 were given to the distribution with 
good fit and less fitting respectively 
 After the analysis, Gumbel distribution gave a better fit than the Log 
Pearson Type III distribution under the following goodness of fit test; 
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Chi square, Anderson Daring and Kolmogorov-Smirnov for the nine 
(9) durations. 
 Hence Gumbel distribution was selected for the frequency analysis. 
 
Procedure for Fitting Gumbel distribution to sample data 
The main objective of fitting a  statistical distribution to data series is 
to find out the parameters of the distribution from the sample; and then verify 
if really the sample are drawn from that statistic. As it has been hypothesized 
that extreme rainfall events are drawn from Gumbel distribution, the processes 
describe below show how the fitting is done. After that a statistical test of 
goodness of fit was performed to assess the validity of the fitting. When the 
process succeeds, events of very low probability of occurrence or very high 
return period can be approximated from the distribution. 
Step1: Rank AMS values from highest to lowest; assign a rank (m) to 
each value with the highest value having a rank of (one) and the lowest value 
a rank of (n). They constitute the observed data.  
Step2: Estimate the exceedance probability. The Weibull and 
Gringorten formula could be used for the estimation of the cumulative 
probability distribution. The Weibull formula does well and it is exact 
uniformly distributed population however if the number of observations are 
limited the Weibull formula performs badly especially at the extremes. This is 
a major drawback for the Weibull formula.  
This is overcome by using Gringorten relation proposed for the 
estimation of the exceedance of the probability data for limited observation. It 
is given in Equation below.  
12.0
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

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(1) 
)( xXPp  ; Note that )(1 xFp   
where )()( xXPxF   
Step 3: Determine the reduced variable from (p) by the formula 
 )1ln(ln pU   
(2) 
Step 4: Compute the sample mean ( ) and standard deviation ( ); It can 
easily be done with Excel program. 
Step 5: Find the position parameter ( ) and the scale parameter ( ) of the 
Gumbel distribution with the following formulae: 
sso
N
N
X 


 
 
 (3) 
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Step 6: use the formulae below to derive the Gumbel mean G

and Standard 
deviation G

 
soG xx 5772.0  
(4) 
sG x2825.1  
(5) 
Step 7: for each rank, the Gumbel variable is obtained by use of the formula 
xsXX oG   
(6) 
They constitute the expected data. 
 
Determination of Annual Rainfall Depth 
Expected Annual Rainfall depth for all the return periods is obtained 
with the following formula 
GTGt XKX   (Chow, 1964) 
(7) 
Where and are Gumbel distribution’s mean and standard deviation; and 
 is a frequency factor. 
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(8) 
For return period equal to one year, the formula of  does not stand and the 
following formula is used. 
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(9) 
For 5T , 8704.0TK  and the corresponding rainfall depth is equal to TX
= 28.38 mm. 
 
Results and Discussion 
Results of Missing data for various duration 
Observing the data, it can been seen that the 24min AMS contained 
less number of missing data and therefore an attempt was made to find the 
correlation between the 12 min AMS and the rest of the data. When the 
correlation analysis was performed, it was established that there was a strong 
correlation between the 42min, 1hr, and 2hrs, 3hrs, 6hrs, 12hrs and 24hrs 
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AMS.   Table 1, 2 and Fig.1. indicate the breakdown of the missing data, 
correlation and scatter diagram. 
Table 1. Summary of Missing data for various duration 
Duration of Rainfall No. of missing data 
0.2min 35 
0.4min 7 
0.7min 24 
1.0hr 40 
2.0hrs 38 
3.0hrs 39 
6.0hrs 61 
12.0hrs 71 
24.0hrs 92 
 
Table 2. Summary of Correlation for various time intervals 
 
Fig 1. shows scatter diagram various duration 
 
Results of Probability Distribution for all Durations 
Fitting the Anderson darling,  Chi-square and Kolmogorov-
Smirnov tests of goodness of fits to Gumbel and Log Pearson Type III 
 Time interval (hour)  
(hr) 0.2 0.4 0.7 1 2 3 6 12 24 
0.2 1.000 0.584 0.533 0.422 0.321 0.262 0.234 0.214 0.166 
0.4 0.584 1.000 0.774 0.709 0.497 0.389 0.413 0.399 0.357 
0.7 0.533 0.774 1.000 0.902 0.704 0.564 0.492 0.495 0.409 
1 0.422 0.709 0.902 1.000 0.810 0.715 0.560 0.602 0.648 
2 0.321 0.497 0.704 0.810 1.000 0.974 0.931 0.912 0.884 
3 0.262 0.389 0.564 0.715 0.974 1.000 0.971 0.960 0.937 
6 0.234 0.413 0.492 0.560 0.931 0.971 1.000 0.986 0.954 
12 0.214 0.399 0.495 0.602 0.912 0.960 0.986 1.000 0.985 
24 0.166 0.357 0.409 0.648 0.884 0.937 0.954 0.985 1.000 
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distributions for 12min (0.2hr) duration, the following results were obtained 
as shown in Table 4 below. Gumbel distribution provided a better fit than the 
Log Pearson Type III distribution under the following goodness of fit test; Chi 
square, Anderson Daring and Kolmogorov-Smirnov for the nine (9) durations. 
Hence Gumbel distribution was selected for the frequency analysis.  
Table 3. Ranking for Gumbel and Log Pearson Type III for the Nine Durations 
 
KS:Kolmogorov-Smirnov, AD: Anderson Daring CS: Chi square, EVI: Gumbel distribution 
and LP3: Log Pearson Type III distributions 
 
Results for testing the null hypothesis if the data were extracted from the 
Gumbel Distribution 
Tables 4. shows the tests- of- goodness-of-fit done on the measured 
data using chi-square test. After the analysis eight of the durations were 
confirmed to be drawn from a Gumbel distribution whiles one of them was not 
with four degree of freedom (Anderson and Darling,(1954). Using a 5% 
significance level, if the value is less or equal to 5% significance level than 
we assume that the observation is drawn from a Gumble distribution. Since 
8.42 ≤ 9.488, the hypothesis that the annual data is drawn from a Gumbel 
distribution is accepted. 
Table 4. Chi –square 
test (0.4 hr analysis)      
Interval O- observed data  E-expected O-E (O-E)2 (O-E)2/E 
0-30 5 8 -3 9 1.8 
30-35 7 3  4  16 2.2857 
35-40 6 3  3  9 1.5 
40-45 6 3  3 9 1.5 
45-60 3 5 -2 4 1.3333 
60-100 2 5 -3 9 0 
>100 0 2 -2 4 0 
  sum = 29 sum = 29     sum=8.42 
 
DURATION 
Hours 
 
RANK 
K S AD CS 
EVI LP3 EVI LP3 EVI LP3 
0.20 1 2 1 2 N/A N/A 
0.40 1 2 1 2 2 1 
0.7 1 2 1 2 1 2 
1.0 1 2 1 2 1 2 
2.0 1 2 1 2 2 1 
3.0 1 2 1 2 1 2 
6.0 1 2 1 2 1 N/A 
12 1 2 1 2 1 1 
24 1 2 1 2 1 N/A 
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Table 5. Expected Annual Rainfall depth for all the return periods 
T (yrs) 𝑲𝑻 𝑋𝑇(𝑚𝑚) 
5 0.8704 28.38 
10 1.5478 32.65 
15 1.93 35.059 
20 2.226 36.925 
25 2.4032 38.042 
50 3.0384 42.047 
100 3.6682 46.017 
 
Results of Intensity-Duration-Frequency 
Rainfall estimates in mm and their intensities in mm/hr for various 
return periods were analyzed using Gumbel distribution. Table 6. Presents 
maximum rainfall intensities at durations of 12min, 24min, 42min, 1hr, 2hrs, 
3hrs, 6hrs, 12hrs and 24hrs at return periods of 5, 10, 15, 20, 25, 50, and100yr. 
The IDF curves for Koforidua are shown in Figs 2. and 3. The results shown 
that for  shorter durations(12 min and 24 min),the new IDF Curves gave 
higher intensities for the same return period whiles for longer 
durations(42min, 1 hr,2hr,3hr,6hr,12hr and 24 hr), the new IDF Curves 
gave low intensities for the same return period . From the results it appears 
that Rainfall intensit ies rise in parallel with the rainfall return periods and 
also f o r  the same return period, high intensities are related to short durations. 
Table 6. Estimates of Intensity-Duration-Frequency (complete table) 
  Return Period (Years) 
Duration 
(Hours) 5-Year 10-Year 15-Year 20-Year 25-Year 50-Year 100-Year 
0.2 141.90 163.25 175.30 184.63 190.21 210.24 230.09 
0.4 123.80 144.70 156.48 165.61 171.08 190.67 210.10 
0.7 88.77 102.10 109.62 115.44 118.93 131.42 143.81 
1 70.37 81.06 87.10 91.77 94.57 104.60 114.54 
2 45.26 54.37 59.52 63.50 65.88 74.44 82.91 
3 33.79 41.63 46.05 51.53 51.53 58.88 66.17 
6 17.64 21.56 23.77 25.48 26.51 30.18 33.82 
12 8.89 10.88 12.01 12.88 13.40 15.28 17.13 
24 4.58 5.62 6.21 6.66 6.93 7.91 8.87 
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(a)                                                          (b) 
  
(c)                                                          (d) 
Fig 2. intensity duration curves of Koforidua city for (a) 5year, (b) 10year, (c) 15 year, and 
(d) 25 year return periods 
 
 
Fig 3. Semi-log IDF Curves for Koforidua 
European Scientific Journal April 2019 edition Vol.15, No.12 ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431 
92 
 
Fig 4. Log-log IDF Curves for Koforidua Ghana 
 
Conclusions 
The study was conducted for the formulation and construction of IDF 
curves using data from recorded stations. By using easy fit software, Gumbel 
Extreme type I was found to be the best distribution for the data set. The results 
shown that for  shorter durations(12 min and 24 min),the new IDF Curves 
gave higher intensities for the same return period whiles for longer 
durations(42min, 1 hr,2hr,3hr,6hr,12hr and 24 hr), the new IDF Curves 
gave low intensities for the same return period. From the results, it appears 
that Rainfall intensit ies rise in parallel with the rainfall return periods and 
also f o r  the same return period, high intensities were related to short 
durations. The Intensity- Duration-Frequency-Curves obtained for the study 
area has the general characteristic form of Intensity-Duration-Frequency-
Curves. 
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